In the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study, 1,123 asymptomatic individuals with type 2 diabetes were randomized to either screening with stress myocardial perfusion imaging (MPI) or no screening. The prevalence of inducible ischemia was assessed and the hypothesis that screening would have a favorable effect on outcome was tested. The results of the DIAD study have been published ([@B1][@B2]--[@B3]). The prevalence of abnormal MPI was not only lower than anticipated at 22% of participants, but, in addition, only 6% of participants had clinically significant inducible ischemia and another 6% had adenosine-induced ischemic electrocardiogram changes ([@B1]). The cumulative 4.8-year cardiac event rate (cardiac death and nonfatal myocardial infarction) was low (2.9% overall or 0.6% per year) ([@B3]). Moreover, there was no significant difference in cardiac outcomes between participants who were randomized to screening versus no screening. These favorable outcomes were unexpected when compared with historical outcomes data in patients with type 2 diabetes ([@B4],[@B5]). One possible explanation for these findings could be that the DIAD population was at relatively low baseline cardiovascular risk and therefore not representative of the general type 2 diabetic population.

To place the DIAD cohort into clear perspective, a post hoc analysis of baseline cardiovascular risk was performed using four well-known risk-stratification approaches, including the Framingham risk score ([@B6]), the UK Prospective Diabetes Study (UKPDS) risk engine ([@B7]), high-risk criteria as defined by the French-Speaking Association for the Study of Diabetes and Metabolic Diseases (ALFEDIAM) and the French Society of Cardiology (SFC) ([@B8]), and the presence of metabolic syndrome as defined by the International Diabetes Federation Taskforce ([@B9]). The prevalence of abnormal screening, cardiac event rates and the effect of screening on outcomes were analyzed in participants stratified as having intermediate/high cardiovascular risk ([Fig. 1](#F1){ref-type="fig"}).

![Flow diagram of the post hoc analysis of the DIAD data. Cardiac outcomes were reanalyzed in the not-low-risk participants who were randomized to no screening versus screening.](zdc0011186700001){#F1}

RESEARCH DESIGN AND METHODS
===========================

Methods of recruitment and randomization as well as the demographics of the DIAD study have been published ([@B1]). Participants were recruited from 14 diabetes clinics in the U.S. and Canada. Inclusion criteria were type 2 diabetes, age 50--75 years, and no symptoms or clinical signs suggestive of coronary artery disease (CAD). Exclusion criteria included angina pectoris; stress test or coronary angiography within the previous 3 years; history of myocardial infarction, heart failure, or coronary revascularization; abnormal rest electrocardiogram; any current clinical indication for stress testing; active bronchospasm; and limited life expectancy due to comorbidity.

The participants were randomized to screening with an adenosine vasodilator Tc-99m-Sestamibi MPI (*n* = 561) or no screening (*n* = 562) ([@B1]). After randomization, treatment was at the discretion of the participant\'s physician. The protocol was approved by the institutional review boards. Details of the stress testing and MPI interpretation have been described ([@B1],[@B2]). All participants had follow-up for 5 years ([@B3]).

Post hoc risk stratification
----------------------------

The DIAD participants were risk-stratified as follows: Framingham risk score: On the basis of age, sex, lipid levels, blood pressure, smoking, and presence of diabetes, the participants were categorized as having either a low (\<10%), intermediate (10--20%), or high (\>20%) 10-year risk for symptomatic CAD ([@B6]). Participants with intermediate or high Framingham risk scores were defined as having a higher risk and were compared with the low-risk group.UKPDS risk engine: On the basis of age, sex, duration of diabetes, smoking, systolic blood pressure, total cholesterol, HDL, ethnicity, and A1C, the participants were classified into three UKPDS risk categories: low (\<14%), intermediate (15--30%), or high (\>30%) 10-year risk for CAD ([@B7]). Participants with an intermediate or high UKPDS risk score were defined as having a higher risk and were compared with the low-risk group.ALFEDIAM/SFC high-risk criteria: The ALFEDIAM recommended screening for inducible myocardial ischemia in patients with type 2 diabetes ([@B8]) with one of the following: age \>60 years; duration of diabetes \>10 years and at least two other cardiovascular risk factors; peripheral arterial disease; and proteinuria and microalbuminuria with at least two other cardiovascular risk factors. Participants meeting one of these criteria were defined as the higher-risk cohort.Metabolic syndrome: Metabolic syndrome was defined by at least three of five criteria defined by the International Diabetes Federation Taskforce ([@B9]) and was considered to represent higher cardiovascular risk ([@B10],[@B11]). The criteria included waist circumference ≥102 cm (for men) or ≥88 cm (for women), triglycerides ≥150 mg/dl, HDL \<40 mg/dl (for men) or \<50 mg/dl (for women), systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg, and fasting glucose ≥100 mg/dl. Participants with metabolic syndrome were defined as having a higher risk; their outcome was compared with the cohort without metabolic syndrome.

Statistical analysis
--------------------

The participants were risk stratified based on clinical variables documented at enrollment into the study. Because it is generally agreed that low-risk patients should not undergo specialized cardiac testing ([@B12]), only participants defined as having an intermediate/high risk were analyzed for outcomes according to randomization. Primary end points were nonfatal myocardial infarction and cardiac death. Secondary end points included unstable angina, heart failure, stroke, and coronary revascularization ([@B3]). The rate of coronary revascularization was analyzed separately. Of 561 participants randomized to screening, 522 underwent screening and 39 did not. The latter participants were analyzed on an intention-to-screen basis.

Statistical analysis was performed with Minitab 15 statistical software (Minitab, State College, PA). Cardiac outcomes were compared in low-risk versus intermediate-/high-risk groups and in intermediate-/high-risk participants randomized to screening versus no screening. The Fisher exact test was used to compare the prevalence of abnormal MPI. The log-rank test was used for comparing cardiac outcomes between groups. Cox proportional hazards regression was computed using COXPH in R ([www.r-project.org](http://www.r-project.org)) in order to determine hazard ratios (HRs) comparing events in low-risk versus intermediate-/high-risk groups and in screened versus not screened high-/intermediate-risk participants.

RESULTS
=======

Framingham risk score
---------------------

Overall, 283 (25%) participants would be defined as having low risk, and 840 (75%) as having intermediate (542 \[48%\]) or high (298 \[27%\]) cardiovascular risk ([Table 1](#T1){ref-type="table"}). Of 522 screened participants, 387 (74%) were defined as having intermediate/high risk. The prevalence of abnormal MPI in the screened intermediate-/high-risk versus screened low-risk groups was similar (21 vs. 23%, *P* = 0.72) ([Table 2](#T2){ref-type="table"}). Primary and secondary cardiac events and coronary revascularizations are shown in [Table 1](#T1){ref-type="table"}. Overall, primary cardiac events trended to be higher in the intermediate-/high-risk group versus the low-risk group (28 \[3.3%\] vs. 4 \[1.4%\], *P* = 0.09). However, primary cardiac event rates in 418 intermediate-/high-risk participants randomized to screening and in the 422 intermediate-/high-risk participants randomized to no screening were similar (3.1 and 3.6%; log rank *P* = 0.71) [Table 3](#T3){ref-type="table"}).

###### 

Cardiac events in risk groups according to various risk stratification schemes

                                 Low risk   Intermediate risk   High risk   Intermediate/high risk   *P*[\*](#TF1-1){ref-type="table-fn"}   HR (95% CI)
  ------------------------------ ---------- ------------------- ----------- ------------------------ -------------------------------------- -------------------
  Framingham score                                                                                                                          
      *n*                        283        542                 298         840                                                             
      Primary cardiac events     4 (1.4)    14 (2.6)            14 (4.7)    28 (3.3)                 0.09                                   2.4 (0.84--6.85)
      Secondary cardiac events   5 (1.8)    15 (2.8)            15 (5.0)    30 (3.6)                 0.12                                   2.07 (0.80--5.34)
      Revascularizations         9 (3.2)    40 (7.4)            26 (8.7)    66 (7.9)                 0.006                                  2.57 (1.28--5.16)
  UKPDS risk engine                                                                                                                         
      *n*                        515        447                 142         589                                                             
      Primary cardiac events     6 (1.2)    11 (2.5)            14 (9.9)    25 (4.2)                 0.002                                  3.65 (1.50--8.90)
      Secondary cardiac events   12 (2.3)   16 (3.6)            7 (4.9)     23 (3.9)                 0.13                                   1.70 (0.84--3.41)
      Revascularizations         18 (3.5)   39 (8.7)            17 (12.0)   56 (9.5)                 0.0001                                 2.80 (1.65--4.77)
  ALFEDIAM/SFC criteria                                                                                                                     
      *n*                        410                            713                                                                         
      Primary cardiac events     8 (2.0)                        24 (3.4)                             0.19                                   1.71 (0.77--3.80)
      Secondary cardiac events   5 (1.2)                        30 (4.2)                             0.01                                   3.46 (1.34--8.91)
      Revascularizations         22 (5.4)                       53 (7.4)                             0.21                                   1.38 (0.84--2.26)
  Metabolic syndrome             No                                         Yes                                                             
      *n*                        319                                        804                                                             
      Primary cardiac events     8 (2.5)                                    24 (3.0)                 0.67                                   1.19 (0.54--2.65)
      Secondary cardiac events   8 (2.5)                                    27 (3.4)                 0.46                                   1.35 (0.61--2.96)
      Revascularizations         21 (6.6)                                   54 (6.7)                 0.9                                    1.03 (0.62--1.71)

Data are *n* (%), unless otherwise indicated.

\**P* values are shown for low risk versus intermediate/high risk for Framingham and UKPDS; low risk versus high risk for ALFEDIAM/SFC; no versus yes for metabolic syndrome.

###### 

Results of stress MPI in 522 participants randomized to screening, grouped according to various risk stratification schemes

                                           Total normal MPI   Total abnormal MPI      Non-MPI abnormalities   Small defect   Moderate/large defect
  ---------------------------------------- ------------------ ----------------------- ----------------------- -------------- -----------------------
  Framingham score                                                                                                           
      Low risk (*n* = 135)                 104 (77.0)         31 (23.0)               9 (6.7)                 14 (10.4)      8 (5.9)
      Intermediate/high risk (*n* = 387)   305 (78.8)         82 (21.2), *P* = 0.72   21 (5.4)                36 (9.3)       25 (6.5)
  UKPDS risk engine                                                                                                          
      Low risk (*n* = 241)                 195 (80.9)         46 (19.1)               14 (5.8)                20 (8.3)       12 (5.0)
      Intermediate/high risk (*n* = 276)   210 (76.1)         66 (23.9), *P* = 0.2    16 (5.8)                30 (10.9)      20 (7.3)
  ALFEDIAM/SFC criteria                                                                                                      
      Low risk (*n* = 196)                 159 (81.1)         37 (18.9)               6 (3.1)                 17 (8.7)       14 (7.1)
      High risk (*n* = 326)                250 (76.7)         76 (23.3), *P* = 0.27   24 (7.4)                33 (10.1)      19 (5.8)
  Metabolic syndrome                                                                                                         
      No (*n* = 157)                       120 (76.4)         37 (23.6)               11 (7.0)                18 (11.5)      8 (5.1)
      Yes (*n* = 365)                      289 (79.2)         76 (20.8), *P* = 0.49   19 (5.2)                32 (8.8)       25 (6.9)

Data are *n* (%). A total of 19 participants not categorized due to missing data. *P* values reflect comparison of total abnormal MPI in two risk groups (see text). Non-MPI abnormalities = ischemic electrocardiogram changes during adenosine infusion, transient ischemic dilation, or baseline left ventricular dysfunction.

###### 

Cardiac events in intermediate-/high-risk participants randomized to no screening versus screening

                             Framingham score: intermediate/high risk (*n* = 840)   *P*        HR (95% CI)   
  -------------------------- ------------------------------------------------------ ---------- ------------- -------------------
  Primary cardiac events     15 (3.6)                                               13 (3.1)   0.71          0.87 (0.41--1.83)
  Secondary cardiac events   13 (3.1)                                               17 (4.1)   0.45          1.32 (0.64--2.72)
  Revascularizations         41 (9.7)                                               25 (6.0)   0.05          0.61 (0.37--1.01)

                             UKPDS risk engine: intermediate/high risk (*n* = 589)                     
  -------------------------- ------------------------------------------------------- ---------- ------ -------------------
  Primary cardiac events     11 (3.7)                                                14 (4.8)   0.51   1.30 (0.59--2.86)
  Secondary cardiac events   11 (3.7)                                                12 (4.1)   0.79   1.12 (0.49--2.53)
  Revascularizations         31 (10.4)                                               25 (8.6)   0.48   0.83 (0.49--1.4)

                             ALFEDIAM/SFC criteria: high risk (*n* = 713)                     
  -------------------------- ---------------------------------------------- ---------- ------ -------------------
  Primary cardiac events     11 (3.1)                                       13 (3.7)   0.61   1.23 (0.55--2.75)
  Secondary cardiac events   12 (3.3)                                       18 (5.1)   0.21   1.59 (0.77--3.31)
  Revascularizations         31 (8.6)                                       22 (6.3)   0.27   0.74 (0.43--1.27)

                             Metabolic syndrome: yes (*n* = 804)                     
  -------------------------- ------------------------------------- ---------- ------ -------------------
  Primary cardiac events     14 (3.5)                              10 (2.5)   0.42   0.72 (0.32--1.62)
  Secondary cardiac events   12 (3.0)                              15 (3.8)   0.55   1.26 (0.59--2.70)
  Revascularizations         31 (7.6)                              23 (5.8)   0.31   0.76 (0.44--1.3)

Data are *n* (%), unless otherwise indicated.

UKPDS risk engine
-----------------

Because of missing data, 19 participants could not be categorized by the UKPDS risk engine. Of the remaining 1,104 participants, 515 (47%) were categorized as low risk and 589 (53%) as intermediate (447 \[40.5%\]) or high (142 \[13%\]) risk ([Table 1](#T1){ref-type="table"}). Of those screened, 276 (53%) were at intermediate/high risk ([Table 2](#T2){ref-type="table"}). The prevalence of abnormal MPI in intermediate-/high-risk and low-risk participants was not different (24 vs. 19%, *P* = 0.2) ([Table 2](#T2){ref-type="table"}). However, the incidence of primary cardiac events was higher in the intermediate-/high-risk group compared with the low-risk group (25 \[4.2%\] vs. 6 \[1.2%\], *P* = 0.002) ([Table 1](#T1){ref-type="table"}). Primary cardiac event rates were similar in 291 intermediate-/high-risk participants randomized to screening and in 298 intermediate-/high-risk participants randomized to no screening (4.8 vs. 3.7%, log rank *P* = 0.51) ([Table 3](#T3){ref-type="table"}).

ALFEDIAM/SFC high-risk criteria
-------------------------------

Of 1,123 participants, 713 (63%) met ALFEDIAM/SFC high-risk criteria ([Table 1](#T1){ref-type="table"}). Of 522 screened participants, 326 (62%) were high risk ([Table 2](#T2){ref-type="table"}). The prevalence of abnormal MPI in high-risk and low-risk participants was not different (23 vs. 19%, *P* = 0.27) ([Table 2](#T2){ref-type="table"}). The incidence of primary cardiac events was not different in the high- and low-risk groups (24 \[3.4%\] vs. 8 \[2.0%\], *P* = 0.19) ([Table 1](#T1){ref-type="table"}), but secondary event rates were higher in the high-risk than in the low-risk group (30 \[4.2%\] vs. 5 \[1.2%\], *P* = 0.01) ([Table 1](#T1){ref-type="table"}). However, the primary cardiac event rates were similar in 352 high-risk participants randomized to screening and 361 high-risk participants randomized to no screening (3.7 vs. 3.1%, log rank *P* = 0.61) ([Table 3](#T3){ref-type="table"}).

Metabolic syndrome
------------------

Of all participants, 804 (72%) had metabolic syndrome ([Table 1](#T1){ref-type="table"}). Of 522 screened participants, 365 (70%) had metabolic syndrome ([Table 2](#T2){ref-type="table"}). The prevalence of abnormal MPI in participants with versus without metabolic syndrome was not different (21 vs. 24%, *P* = 0.49) ([Table 2](#T2){ref-type="table"}). Overall, primary cardiac event rates were similar in both groups (metabolic syndrome 24 \[3.0%\] vs. no metabolic syndrome 8 \[2.5%\], *P* = 0.67) ([Table 1](#T1){ref-type="table"}). Primary cardiac event rates in 398 participants with metabolic syndrome randomized to screening and in 406 participants with metabolic syndrome randomized to no screening were similar (2.5 vs. 3.5%, log rank *P* = 0.42) ([Table 3](#T3){ref-type="table"}).

CONCLUSIONS
===========

This post hoc analysis provides an important perspective on the results of the DIAD study ([@B3]) by demonstrating that the majority of participants were categorized as being either at intermediate or high cardiovascular risk according to four commonly used cardiac risk-stratification schemes. The UKPDS risk engine, specifically designed for type 2 diabetic patients, appeared to best predict the occurrence of cardiac events in DIAD participants. In contrast, risk stratification did not predict the results of screening-stress MPI. The study was not powered to determine the effect of screening on outcomes in the subgroup of DIAD participants categorized as having higher risk; such analysis would have required a three- to fourfold larger sample size. However, screening had no apparent benefit on outcomes in the subgroups as defined by these four separate stratification schemes.

This analysis expands upon our previous finding that the overall cardiac event rate in asymptomatic patients with type 2 diabetes is lower in the current era than might be predicted based on historical data. Specifically, it shows that the purportedly higher-risk subgroups actually had lower event rates than were predicted by either the Framingham or UKPDS scores. The average annual risk of participants in the combined intermediate-/high-risk Framingham group was lower (0.6% per year) than predicted (1--2% per year for intermediate risk and \>2% per year for high risk). Similarly, in the combined intermediate-/high-risk UKPDS groups, the risk was also lower (0.8% per year) than predicted (intermediate 1.5--3% per year and high risk \>3% per year). Thus, even these higher-risk participants had observed cardiac event rates that would traditionally been considered to be low risk. Only a small subgroup of 142 high-risk participants defined by the UKPDS risk engine had an event rate of ∼2% per year ([Table 1](#T1){ref-type="table"}), which might have warranted more aggressive risk-reduction strategies. Although 14 of these high-risk participants had primary cardiac events, it is important to note that the majority of events (17 of 31) occurred in participants who were not categorized as high risk according to the UKPDS engine ([Table 1](#T1){ref-type="table"}).

The observation that cardiac event rates in the DIAD were lower than predicted by either the Framingham score or the UKPDS risk engine likely reflects the fact that these scoring schemes are based on clinical data collected in the 1970s to 1990s ([@B13],[@B14]). In the intervening years, the awareness of cardiovascular risk in type 2 diabetes has grown ([@B15]), and primary cardiac prevention measures have been widely endorsed and implemented ([@B16]). In the DIAD study, the majority of participants were aggressively treated with statins, ACE inhibitors, and aspirin ([@B3]). One might hypothesize that these interventions prevented cardiac events in the higher-risk DIAD participants. Rather than concluding from this analysis that diabetes does not confer significant cardiac risk, it is more appropriate to emphasize the potential benefit of contemporary medical therapy on the outcomes of these patients.

Our findings have important implications for the utilization of cardiac screening in asymptomatic diabetic patients. The 2009 *Appropriate Use Criteria for Cardiac Radionuclide Imaging*, issued by a consortium of professional societies ([@B12]), considered asymptomatic diabetic patients to be a special group in whom screening was appropriate based on their historically high risk for cardiovascular complications, equivalent to that of patients with established CAD ([@B16],[@B17]). The results of the present analysis raise questions about the appropriateness of screening asymptomatic patients with diabetes who are treated with contemporary risk factor--modifying therapies. They further suggest that existing guidelines warrant revision.

One interesting observation in the current analysis is that none of the stratification schemes predicted abnormalities on screening-stress MPI. Neither the presence nor severity of MPI abnormalities was greater in the higher-risk patients. The reasons for this finding are uncertain, but this lack of correlation reduces the potential impact of screening strategies based on existing clinical risk stratification. For example, since the UKPDS risk engine predicts outcome but not MPI screening results, there would be patients who might screen negative but still would be at risk for events. In the DIAD study, although moderate/large MPI abnormalities were predictive of cardiac events, numerically more than half of the events occurred in the larger cohort of patients with negative screening ([@B3]).

We did not observe an effect of screening on cardiac events in any of the intermediate-/high-risk subgroups. Thus, these results buttress the original conclusion of the DIAD study that screening for inducible ischemia cannot be currently advocated in asymptomatic patients with type 2 diabetes. However, because of the limited number of subjects, we cannot exclude the possibility that a larger study specifically screening a high-risk subgroup might come to a different conclusion in support of screening.

It is important to point out that this post hoc analysis has inherent limitations. Most notably, the DIAD study was designed to include asymptomatic patients with diabetes regardless of additional clinical risk factors ([@B1]). Because of the relatively small number of participants at higher cardiovascular risk, the subgroup analyses have insufficient power to make definitive statistical conclusions as to whether screening leads to strategies that improve cardiac outcomes. Furthermore, the DIAD cohort was representative of the North American population mix that received aggressive primary cardiac prevention. Thus, generalization to other countries with different ethnicities and different approaches to diabetes care might not be appropriate.

In conclusion, a substantial portion of the DIAD population would be defined by commonly used risk-stratification schemes as being at intermediate/high cardiovascular risk. Nevertheless, even in these higher-risk participants, the annual cardiac event rates were low and outcome was not affected by routine screening for inducible ischemia. Current guidelines for routine cardiovascular screening in asymptomatic patients with diabetes require reconsideration.
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